dae 8 ; clams, Veneridae 9 12 ; and mussels, Mytilidae 11, 13 .
In contrast, relatively little information is available regarding the fatty acid composition of other mollusk species; only a few reports on the lipid and the fatty acid compositions of Gastropoda have been pubished nudibranch: sphingolipids of Aplysia kurodai 14 ; Chromodoris sp. and Phyllidia coelestis 15 ; Dendrodoris nigra 16 ; Aeolidiella 2 Materials and Methods
Materials
The samples of A. kurodai 9 individuals, 502.1 118.0 g and A. juliana 13 individuals, 336.4 33.1 g were collected from the sea off the Japanese coast of Honshu Island 34 54 N; 132 04 E, in Hamada City, Sea of Japan .
Lipid extraction and analysis of lipid classes
All samples of A. kurodai and A. juliana were dissected, and the organs were divided into 4 groups: foot and muscular tissues, gonads, digestive glands, and other viscera; in addition, the stomach contents were analyzed Table 1 . The muscular tissues included the foot, mantle, tail, parapodia, rhinophore, and other muscular tissues. Aplysia spp. are hermaphrodites, therefore, the gonad were separated into ovaries and testis. Each sample was homogenized in a mixture of chloroform and methanol 2:1, vol/vol , and a portion of the homogenized sample was extracted according to the Folch procedure 27 . The Folch extraction was performed as follows: 10 g of sample tissue was homogenized in 60 mL of methanol, 55 mL of chloroform was added, and the mixture was homogenized again. The mixture was filtered, and the residual precipitate was washed three times with 5 mL of chloroform filtrate 1: approximately 120 mL . The residue was homogenized with 55 mL of chloroform and washed with 5 mL of chloroform filtrate 2: approximately 60 mL . Then, 0.8 of brine 35 mL was added to the combined filtrate 1 and 2 at a final ratio of 8:4:3 chloroform/methanol/brine in a separatory funnel. After allowing to stand for 3 h, the chloroform layer was collected and dried over anhydrous sodium sulfate; after evaporation, the crude lipids were stored in an argon atmosphere. The crude lipids of the organs of A. kurodai and A. juliana were separated on silicic acid columns Merck and Co. Ltd., Kieselgel 60, 70-230 mesh , and a quantitative analysis of the lipid constituents was performed via gravimetric analysis of each collected fraction 12 .
NMR spectroscopy and the determination of lipid
classes Spectra were recorded on a GSX-270 NMR spectrometer JEOL Co. Ltd., Tokyo, Japan in a pulsed Fourier transform mode at 270 MHz in a deuterochloroform solution using tetramethylsilane as the internal standard 28 . Table 1 The lipid contents and lipid classes of the two Aplysia species.
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Preparation of methyl esters and gas-liquid chromatography analysis
The individual components of the TAG, PE and PC fractions were converted into fatty acid methyl esters by direct transesterification with methanol and 1 concentrated hydrochloric acid under reflux for 1.5 h 12 . The methyl esters were purified using silica gel column chromatography via elution with n-hexane/diethyl ether 10/1, v/v .
The compositions of the fatty acid methyl esters were determined by gas-liquid chromatography. Analysis was performed on a Shimadzu GC-8A Shimadzu Seisakusho Co. Ltd., Kyoto, Japan and an HP-6890 Hewlett Packard Co., Yokogawa Electric Corporation, Tokyo, Japan gas chromatograph equipped with an Omegawax-250 fused silica capillary column 30 m 0.25 mm i.d.; 0.25 µm film, Supelco Japan Co. Ltd., Tokyo, Japan . The temperatures of the injector and the column were held at 230 and 215 , respectively, and the split ratio was 1:76 FID detector at 240
. Helium was used as the carrier gas at a constant inlet rate of 0.7 mL/min Tables 2-4 . The phosphatidylethanolamine PE contained low levels of various dimethylacetals DMAs , such as DMA 16:0, DMA 17:0, DMA 18:0, and DMA 19:0 Fig. 1 . The theoretical values of the fatty acid compositions were obtained by subtracting the DMAs from the total fatty acids TFAs of the PE 11, 12, 28 Tables 2-4 .
Quantification of individual components was performed
with Shimadzu Model C-R3A Shimadzu Seisakusho Co. Ltd. and HP ChemStation System A. 06 revision, Yokogawa HP Co. Ltd. electronic integrators.
2.5 Preparation of 4,4-dimethyloxazoline DMOX derivatives and their analysis by gas chromatographymass spectrometry GC-MS DMOX derivatives were prepared by adding excess 2-amino-2-methylpropanol to a small amount of the fatty acid methyl esters for example, 30 mg of fatty acid methyl esters and 1 mL of 2-amino-2-methylpropanol in a test tube in an argon atmosphere. The mixture was heated at 180 for 18 h. The reaction mixture was cooled, poured onto saturated brine, and extracted with n-hexane. Triplicate extractions with n-hexane were perfomed; the extracts were washed with saturated brine and dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure, and the samples were again dissolved in n-hexane for analysis by GC-MS 12, 28 .
Analysis of the DMOX derivatives and the methyl esters was performed on an HP G1800C GCD Series II GC-MS Hewlett Packard Co., Yokogawa Electric Corporation equipped with the same capillary column for determining the fatty acids with an HP WS HP Kayak XA, G1701BA version, PC workstations . The temperatures of the injector and the column were held at 230 and 215 , respectively. The split ratio was 1:75, and the ionization voltage Table 2 Fatty acid composition of digestive gland and stomach content lipids a, b, c . Table 3 Fatty acid composition of muscle and other visceral lipids a, b, c, d . Table 4 Fatty acid composition of testis and ovary lipids a, b, c .
Lipid and Fatty Acids of Sea Hares Aplysia spp. Fig. 1 The chromatograms of the DMOX derivatives above chromatogram and methyl esters below one of the fatty acids in PE of A. kurodai testis lipids. Analysis of the DMOX derivatives was performed on a HP G1800C GCD Series II gas chromatograph mass spectrometer equipped with an Omegawax-250 fused silica capillary column with the HP WS HP Kayak XA, G1701BA version, personal computer workstations . The temperatures of the injector and the column were held at 230 and 215 , respectively. The split ratio was 1:75, and the ionization voltage was 70 eV, respectively. Helium was used as the carrier gas at a constant inlet rate of 0.7 mL/min. Each MS spectrum was obtained by every 0.009 min.
was 70 eV. Helium was used as the carrier gas at a constant inlet rate of 0.7 mL/min 12, 28 .
2.6 Chromatogram of the DMOX derivatives and the structural elucidation of the fatty acid DMOX derivatives The representative chromatogram of the DMOX derivatives for the PE from the Aplysia samples is shown in Fig.  1 and Table 5 . The MS spectra of two characteristic but unusual fatty acids are shown in Figs. 2 and 3 along with the chromatogram of the DMOX derivatives of the sea hare lipids. Each MS spectrum was obtained every 0.009 min Figs. 2 and 3 . For example, the spectrum at 18.085 min Scan No. 2172 in Fig. 2 is one of the representative spectra of 20:3n-6,9,15 Δ5,11,14-20:3 because 20:3n-6,9,15 was detected near 18.08 min as one peak in the chromatogram Fig. 1 , Table 5 ; more than 50 spectra M -359 were obtained by scanning the peak 17.9-18.4 min . In Fig. 2 18.085 min, Scan No. 2172 , the MS peaks of a DMOX derivative of 20:3n-6, 9,15 were M -359, 344, 330, 316, 302, 288, 274, 262, 248, 234, 222, 208, 194, 180, 166, 153 , 140, 126, 113 base peak ; in addition, two peak pairs M-274/M-262 and M-234/M-222 reflected two double bonds: Δ-14 n-6 and Δ-11 n-9 , respectively. The peak pair M-153/M-136 indicated a Δ-5 n-15 double bond 28 . In Figs. 1 and 3, the spectrum at 31.47 min is one of the representative spectra of 22:3n-6, 9, 15 , and more than 70 spectra M -387 were obtained by scanning the peak 31.3-32.0 min . MS peaks 31.518 min, Scan No. 3995 of a DMOX derivative of 22:3n-3,6,15 Δ7,13,16-22:3 were M -387, 372, 358, 344, 330, 316, 302, 290, 276, 262, 250, 236, 222, 208, 194, 180, 168 , 154, 140, 126 base peak , and 113; three peak pairs M-302/M-290, M-262/M-250, and M-180/ M-168 reflected three double bonds: Δ-16 n-6 , Δ-13 n-9 , and Δ-7 n-15 , respectively.
Statistical analyses
More than two experimental replicates 2-5 were completed for each lipid class. For all samples of fatty acids analyzed by GLC, 4 to 12 replicates were completed. The mean DHA, total n-6 PUFA, total n-3 PUFA, and total PUFA levels in the TAG and phospholipid PE and PC Table 5 Retention time and fatty acid composition of testis PE lipids.
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samples were compared with those from other organ samples. Significant mean differences were determined using a one-way analysis of variance ANOVA for the eluci-dation of species differences. Tukey s multiple procedure was used to compare the differences among mean values. Differences were regarded as significant when p 0.05. Relationships between the fatty acid compositions of both Aplysia species were evaluated using the loading plots of principal component analysis PCA , based on the correlation matrix of each fatty acid. The first two principal components were plotted, both for loading and score plots, because they represented the majority of total variation Figs. 4-9 . For example, PCA was performed on six lipid classes 1MTAG, 2MTAG, 1MPE, 2MPE, 1MPC, and 2MPC from the muscles of both Aplysia species Table 3 ; specifically, PUFAs total PUFA, total n-6 PUFA, total n-3 PUFA, 18:2n-6, 18:3n-6, 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6, 18:3n-3, 18:4n-3, 20:3n-3, 20:4n-3, 20:5n-3, 22:4n-3, 22:5n-3, and 22:6n-3 were used along with 3 NMIDs for a total of 20 variables Fig. 6 . Statistical calculations were performed using statistical software Ekuseru-Toukei 2010, Social Survey Research Information Co., Ltd., Tokyo, Japan .
Results

Lipid content and lipid classes of A. kurodai and A.
juliana The lipid contents and lipid classes of A. kurodai and A. juliana samples are shown in Table 1 . The lipid contents of the muscles ranged from 0.3 to 0.6 of wet weight in all samples, while those of the viscera ranged from 0.4 to 3.9 .
TAGs and sterols were both primary components of the neutral muscle lipids of all specimens; low levels of other neutral lipids, such as wax esters, steryl esters, diacylglyceryl ethers, and diacylglycerols ; the lipid contents of the digestive glands 2.1-2.7 and ovaries 3.1-3. 9 were higher than those of other organs. The polar lipids of A. kurodai and A. juliana except for digestive gland lipids contained moderate levels of phospholipids PE: 13.2-14.1 and PC: 13.5-18.0 of the total lipids and noticeable levels of ceramide aminoethyl phosphonate. 3.2 Fatty acid composition and its similarity to depot TAG lipids in both the mantle and viscera of A. kurodai and A. juliana The TAG fatty acids more than 0.3 of TFA of all organ lipids are shown in Tables 2-4. Although the TAG fatty acid compositions varied slightly between the muscles and viscera, the types of major fatty acids were almost identical in all organs. Furthermore, there were small differences in the fatty acid compositions of the two species Sample No. 1-2 . Twelve dominant TAG fatty acids more than approximately 3 of TFA of digestive glands, muscles, gonads, and other organs were found in the samples: saturated fatty acids 14:0, 16:0 and 18:0; monounsaturated fatty acids MUFAs 16:1n-7, 18:1n-7, and 20:1n-13 muscles and other organ lipids ; n-6 PUFAs 18:2n-6 linoleic acid from the digestive glands and gonads and ARA; and n-3 PUFAs 18:3n-3 α-linolenic acid, LN , 18:4n-3 digestive glands, mantle, and other visceral lipids , n-3 ITA, and EPA Tables 2-4 . In particular, high levels of LN 6.8-10.6 and EPA 4.1-9.1 with noticeable levels of ITA were observed in the neutral lipids. Twelve similar dominant TAG fatty acids were found in the stomach contents of the samples: 14:0, 16:0, 18:0, 16:1n-7, 18:1n-7, 20:1n-13, 18:2n-6, ARA, 18:3n-3, 18:4n-3, n-3 ITA, and EPA Table 2 . In the neutral lipids of all organs, very low levels of DHA were observed, which is unusual for marine animals. adrenic acid, docosatetraenoic acid; DTA , 18:3n-3 digestive gland and other visceral lipids , EPA, and n-3 DPA along with trace levels of DHA. This was in contrast to the noticeable levels of shorter chain PUFAs such as 18:3n-3 and n-3 ITA found in the TAG and the comparatively high levels of LC-PUFAs such as DPA 6.6-8.3 for muscle PE, 4.6-7.5 for other visceral PE, and 4.7-6.9 for gonad PE found in the phospholipids. Similar to the fatty acid composition of the tissue PE, ten major fatty acids were also found in the PE of the stomach contents Significant levels of NMI D were found in the PE, however, in contrast, fourteen fatty acids comprised the major components of the tissue PC: 16:0, 18:0, 18:1n-7, 18:1n-9, 20:1n-13, 18:2n-6, 20:2n-6, ARA, n-6 DTA, 18:3n-3, 20:3n-3 mantle lipid , n-3 ITA, EPA, and n-3 DPA in addition to an unusually low level of DHA. Similarly, twelve major fatty acids were found in the PC of the stomach contents: 16:0, 18:0, 18:1n-7, 18:1n-9, 20:1n-13, 18:2n-6, 20:2n-6, ARA, n-6 DTA, 18:3n-3, EPA, and n-3 DPA in addition to very low levels of DHA.
Fatty acid composition of phospholipids from
3.4 PCA of A. kurodai and A. Juliana fatty acid compositions PCA was used to compare the PUFA profiles of the two Aplysia species. The PCA results showed that 74.3-88.4 of the total variation was explained by the first two principal components Figs. 4-9 . For example, in Fig. 6 , the 1st and 2nd principal components described 88.4 of the total variation of the 6 lipid classes of FAs from muscle samples. We observed various PUFAs total polyenoic, total n-6 polyenoic, 20:4n-6, 20:5n-3, 22:5n-3, and 22:4n-6 in the positive quadrant positive loadings for both PC1 and PC2 of the loading plot. A similar trend was found in other viscera total n-6 polyenoic, 20:4n-6, 20:5n-3, and 22:4n-6 , digestive glands total polyenoic, total n-6 polyenoic, 20:4n-6, 22:4n-6, 18:3n-6, 20:2n-6, 22:4n-6, and 22:4n-3 , ovaries total n-3 polyenoic, 22:6n-3, 20:3n-6, 20:2n-6, 18:3n-3, and 18:2n-6 , testis total polyenoic, total n-6 polyenoic, total n-3 PUFA, 20:4n-6, 20:5n-3, and 22:2n-9,15 , and the stomach contents total polyenoic, total n-6 polyenoic, 20:4n-6, 20:5n-3, 22:5n-3, 22:4n-6, 20:3n-3, 20:2n-6, 22:4n-3, and 18:3n-6 . The two variables total n-6 polyenoic and 20:4n-6 were highly correlated in almost all organs.
Discussion
Lipid content and lipid classes of A. kurodai and A.
juliana In general, A. kurodai and A. juliana accumulated their lipids in the ovaries and digestive glands Table 1 , similar to other Gastropoda digestive glands for blacklip and greenlip abalones 22 and digestive glands of T. cornutus 23 . The lipid contents of the viscera of both Aplysia species were markedly higher than those of the dietary algae, whose lipids are generally very low approximately 0.1-0.6 of dry weight 29 In fact, the lipid contents of the gastropod digestive glands were 21-27 times more concentrated than those of the dietary algae. In the visceral lipids Table 1 , TAGs, at moderate levels, were identified as the major component. For example, the digestive gland and ovary TAGs of A. kurodai and A. juliana were approximately 50 of the TL. The high levels of neutral depot TAGs in A. kurodai were probably influenced the high lipid content; depot lipids typically change according to lipid accumulation. In contrast, the lipids of A. kurodai and A. juliana muscles foot, mantle, tail, parapodia, rhinophore, and other muscular tissues were similar to those of other common gastropod species abalone Haliotis fulgens 21 , T. cornutus 23 , whose neutral lipid levels are also low ; their muscle lipids were consistently composed of phospholipids at moderate levels 41.5-46.6 , which were the major components Table 1 . The major lipid components of feet muscle of common shallow-water gastropods are phospholipids 19, 21, 23 . PE and PC were the primary polar lipid classes of A. kurodai and A. juliana. The PE fatty acids contained low levels of DMA, similar to other mollusk species 7, 10, 11, 23 . This is a general characteristic of mollusks related to A. kurodai and A. juliana, and they are also known to contain low levels of plasmalogen type PE 33 . In addition to low levels of other minor phospholipids, ceramide aminoethyl phosphonate CAEP , which is used in skin care products, was the major component of the sphingolipid fraction 6, 7, 10, 13, 14, 19, 23, 34 . The presence of CAEP indicates that the lipids of A. kurodai and A. juliana are similar to typical mollusk lipids.
Unusual TAG fatty acid composition in the muscle
and viscera of A. kurodai and A. juliana: in uence of dietary algal lipids Partially digested green and brown algae, such as Ulva spp., were clearly identified in the stomach contents of both Aplysia species, similar to other reports 23, 24 . These macroalgae contain high levels of short-chain C 16 -C 18 fatty acids 16:0, 16:1n-7, 16:3n-3, 18:1n-7, 18:2n-6, ARA, 18:3n-3, 18:4n-3, and EPA with lower levels of other shortchain n-3 PUFAs 20:2n-6, 20:3n-6, and n-3 ITA in brown algae 23, 31, 35, 36 ; 18:3n-6, 20:2n-6, and n-3 ITA in green algae 31, 35, 37 ; 18:3n-6 and n-3 ITA in brown and green algae 32 . High levels of similar shorter-chain PUFAs 18:2n-6, 18:3n-3, and 18:4n-3 were found in both species Table  2 . The same dominant fatty acids were observed in both Aplysia TAGs of the digestive glands and stomach contents due to the similarity of their diets. Both Aplysia species probably accumulated intact fatty acids in their digestive glands upon the absorption of the dietary lipids. Therefore, C 2 elongation of the depot lipids was likely the only enzymatic biosynthesis performed by A. kurodai and A. juliana. Interestingly, two bioactive compounds from tidal macroalga, n-3 ITA and EPA, were found to be concentrat-ed in the neutral lipids of both species; in addition, the n-3 shorter chain PUFAs 18:4n-3 and n-3 ITA have anti-inflammatory and anti-arthritic effects 38 .
Except for the high levels of n-3 ITA in both Aplysia TAGs, both species retained similar types of PUFAs from the dietary algal lipids. Short-chain fatty acids are mostly limited to green macroalgae, and 16:0, 18:2n-6, 18:3n-3, and 18:3n-4 are often their primary lipid components without DHA 31, 32 . In addition to green macroalgae, other macroalgae, which comprise the majority of the Aplysia diet, generally contain only trace levels of DHA or lack DHA altogether 23, 29 32 . The muscle tissues mantle, foot, and other muscular parts of both species contained the same PUFAs Table 2 , although the levels of these fatty acids differed slightly. These findings suggest that the dietary algae lipids directly influenced the compositions of the muscle TAGs and the digestive gland lipids found in both species; it seems that with the exception of simple C 2 elongation, both gastropods merely accumulated intact lipids.
In general, high levels of n-3 LC-PUFAs, such as DHA and EPA, are found in many marine animals, such as fish, crustaceans, and bivalves: even their depot TAGs contain high DHA levels 3, 4 . High levels of various n-6 and n-3 C 18 PUFAs 18:2n-6, 18:3n-3, and 18:4n-3 in addition to n-3 ITA and EPA were found to be the dominant fatty acids in both the A. kurodai and A. juliana muscle and visceral TAGs Tables 2-4 ; this was in contrast to other common marine animals, which contain low levels of these shortchain n-6 and n-3 PUFAs 3, 4, 33 . Only four n-3 PUFAs 18:3n-3, 18:4n-3, n-3 ITA, and EPA of A. kurodai and A. juliana TAGs were found at high levels; very low levels of DHA 0.1-0.5 were found in all organ lipids, which is uncommon in marine animals. In particular, high levels of n-3 ITA were characteristically observed in all organ TAGs of A. juliana. This phenomenon indicates that the process of C 2 elongation of 18:4n-3 is active in the mollusk tissue; 18:4n-3 is a common macroalgal lipid while n-3 ITA is a rare algal lipid 6, 31, 32 .
Furthermore, high levels of 20:1n-13 were found in both A. kurodai and A. juliana Tables 2-4 . The levels of 20:1n-13 in the TAG stomach contents and lipids from all their tissues of both species were similar to each other. 20:1n-13 was likely derived from 18:0 by Δ5-desaturation and C 2 elongation. LC-MUFAs may also be biosynthesized in the Aplysia tissues by Δ5-desaturation and C 2 elongation 6, 23 . In addition, the presence of two unusual nonmethylene-interrupted PUFAs 20:3n-6,9,15 and 22:3n-6,9,15 suggested active C 2 elongation and Δ5-desaturation from 18:2n-6 Figs. 1-3 . In particular, various C 22 LC-PU-FAs in both Aplysia species suggest biosynthetic C 2 elongation because the dietary macroalgae generally lack C 22 LC-PUFAs 23, 29 32, 35 37 .
4.3 High levels of n-6 PUFAs ARA and n-6 DTA in the phospholipids: similarity to other herbivorous marine animals and useful lipid biomarkers for herbivorous marine animals The primary fatty acids found in the viscera and muscle phospholipids of A. kurodai and A. juliana are presented in Tables 2-4 . ARA and n-6 DTA were typically found to compose greater than 5 of A. kurodai and A. juliana tissue phospholipids, however, these n-6 LC-PUFAs are generally only minor components in other marine animals. The high levels of n-6 LC-PUFAs found in the phospholipids were unusual for marine animals; the PUFA profiles of all polar lipids from A. kurodai and A. juliana were markedly different from those in other common marine animals, such as marine fishes 3, 4 , which have high levels of only n-3 PUFAs and very low levels of n-6 PUFAs.
In contrast, herbivorous marine animals, whose diets are mostly composed of macroalgae, often contain high levels of n-6 PUFAs abalones, Haliotidae 18, 21, 39 ; T. cornutus 23 23 . The levels of n-6 LC-PUFAs in A. kurodai and A. juliana were similar to those found in the foot muscles of herbivorous gastropods. Various n-6 PUFAs 20:2n-6, 20:3n-6, ARA, and n-6 DTA were the characteristic fatty acids of all organ PEs and PCs of both Aplysia species. The high levels of both ARA and n-6 DTA found in their phospholipids could be used as lipid biomarkers for herbivorous marine animals. In particular, high levels of n-6 DTA in the phospholipids is an unusual and interesting characteristic of Aplysia spp. This characteristic indicates complete herbivorous feeding behavior that is directly influenced by macroalgae lipids.
Biosynthetic elongation and desaturation in the tis-
sues of A. kurodai and A. juliana High levels of n-3 DPA and low levels of 18:3n-3 and 18:4n-3 were found in A. kurodai and A. juliana phospholipids. ARA and EPA were likely biosynthesized to n-6 DTA and n-3 DPA, respectively, by C 2 elongation. Longer chain n-3 PUFAs, such as EPA, might have been derived from shorter chain n-3 PUFAs, such as C 18 PUFAs, as previously described; this would be similar to other mollusk species C 2 elongation and Δ5-desaturation 6 . The n-6 PUFAs could have been biosynthesized in Aplysia tissues by C 2 elongation and Δ5-desaturation, similar to the biosynthesis of LC-MUFAs, such as 20:1n-13 in the depot TAGs.
All A. kurodai and A. juliana polar lipids contained high levels of total PUFAs PE: 46.1-55.2 and PC: 41.2-55.3 , which were probably concentrated in their tissues.
However, the levels of total n-3 PUFAs PE; 20.0-29.1 , PC; 24.8- 30.8 were similar to those of the TAGs 19.4-33.1
. In contrast, the levels of total n-6 PUFAs PE: 19.9-31.4 , PC: 15.4-28.5 found in all muscle and viscera phospholipids of A. kurodai and A. juliana were higher than those in TAGs 10.0-13.9
. This finding implies that n-6 PUFAs were accumulated or biothynthesized in the Aplysia tissues. For example, the high levels of n-6 LC-PUFAs C 20 -C 22 : ARA and n-6 DTA in their phospholipids 11.6-23.4 in muscles, 10.6-28.1 in gonads, and 13.8-21.5 in other viscera, shown in Tables 3 and 4 differed from those found in their TAGs, which primarily contained 18:2n-6 and ARA in addition to low n-6 DTA levels 0.9-2.5
. This also indicates that C 2 elongation activity ARA to n-6 DTA in their tissues.
Application of PCA for assessing correlations between the fatty acid compositions of A. kurodai and A. juliana
The PCA loading plot of various fatty acids indicated a relationship and an importance of fatty acids in both species. A positive correlation of various n-3 and n-6 PUFAs between both species was determined from PCA. Using the PCA of the primary PUFAs in both Aplysia phospholipids, we estimated the similarity of the PUFA compositions of the Aplysia species Figs. 4-9 . The PCA suggested that n-3 and n-6 PUFAs are the most important compounds in both Aplysia species, which have the same PUFAs as major compounds. This similarity also suggests a similar diet and mechanism of LC fatty acid biosynthesis in the two sea hare.
DHA is likely nonessential to A. kurodai and A. juliana
Regarding the n-3 PUFAs found in A. kurodai and A. juliana tissue muscle, ovary, testis, and other organs shown in Tables 3 and 4 , higher levels of LC-PUFAs EPA and n-3 DPA were found in the phospholipids compared to the TAGs, which primarily contained shorter chain PUFAs such as 18:3n-3 and 18:4n-3. This finding also suggests Δ-5 desaturation n-3 ITA to EPA 6, 15, 16, 19 and C 2 elongation 18:4n-3 to n-3 ITA and EPA to n-3 DPA in the Aplysia tissues, similar to that of n-6 LC-PUFAs. Four PUFAs n-6 PUFA; ARA and n-6 DTA, n-3 PUFA; EPA and n-3 DPA were found to be the primary components of both PE and PC of A. kurodai and A. juliana. The trace levels of DHA in all organ tissues of A. kurodai and A. juliana also indicate that their nutritional source was the macroalgae lack DHA. Many studies have reported trace levels of DHA in other herbivorous gastropods DHA: 0.21 for periwinkle Littorina littorea 20 ; non-detectable and 0.4 for P. peroni and Cellana tramoserica, respectively, and 0.2-0.9 for P. costata 18 ; 0.2-0.3 for wild H. laevigata and H. rubra 39, 40 ; non-detectable for H. fulgens 21 ; 0.2-0.3 for T. cornutus 23 . The low levels of DHA accompanied by high levels of EPA and n-3 DPA in A. kurodai and A. juliana phospholipids suggest the possibility of an inert enzyme for DHA synthesis, which is similar to marine fish; they are unable to biosynthesize DHA from DPA 41 .
These findings suggest that DHA is not essential for these herbivorous mollusks, which is similar to findings in some gastropods and bivalves 10, 13, 19, 20, 22 . This is in contrast to marine fishes and some bivalves, to whom n-3 PUFAs are essential 40, 42 . It is possible that A. kurodai and A. juliana accumulate n-6 PUFAs as a substitute for n-3 PUFAs. All marine animals show a tendency to accumulate PUFAs in their tissues; however, the differences in the degree of accumulation of n-6 and n-3 PUFAs among mollusk species may be influended by their position in the food chain 18, 21, 39 . It has been reported 4 that many pelagic fishes primarily accumulate n-3 PUFAs such as DHA through grazing food chain from phytoplankton in addition to the elongation of shorter PUFAs. In general, DHA is the dominant PUFA found in both the PE and PC of almost all higher trophic marine animals, who maintain consistently high DHA levels by the continuous exploitation of their food and subsequent DHA accumulation in vivo 4 . In addition, all marine fishes require DHA because it is the most important essential fatty acid that they are unable to synthesize, which differs from the ability of freshwater fishes 40 .
It is possible that while DHA may be nonessential, A. kurodai and A. juliana use it to maintain the fluidity of cell membranes. In addition, the total PUFA levels in the PEs 46.1-52.7 and 53.1-55.2 for muscle and gonadal lipids and the PCs 51.5-53.3 and 47.0-55.3 for muscle and gonadal lipids of A. kurodai and A. juliana were consistently high Tables 3 and 4 , and the accumulation of n-6 PUFAs in phospholipids was observed as mentioned above. Similar to the ARA essentiality for larvae of marine fishes 43 , these findings suggest a physiological role of n-6 PUFAs in compensation for a deficiency of n-3 PUFAs. This finding was also supported by very high levels of ARA 11.1-14.5 in the testes and 13.4-14.1 in the ovaries in the gonadal PEs of both Aplysia spp. Table 4 .
Useful sources of various n-3 PUFAs, such as n-3
ITA, EPA and n-3 DPA Although DHA sources, such as tuna and krill oils, are well known throughout the world 3 , there is no established source of n-3 ITA, EPA, or n-3 DPA 2, 38 . The lipids of the two Aplysia spp. contain high levels of various n-3 PUFAs; more specifically, n-3 ITA, EPA, and n-3 DPA are characteristic fatty acids of both the depot TAGs and tissue PEs and PCs of A. kurodai and A. juliana. A. kurodai and A. juliana are locally processed and safely consumed as medicinal seafood. In addition, their bodies are markedly larger than those of nudibranch mollusks 15 17, 38 . Therefore, they could be a valuable source of n-3 ITA, EPA, and n-3 DPA, which could be used in pharmaceuticals or health supplements.
